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Abstract 
Antialgal activity of Zataria multiflora, Satureja khuzistanica and S. rechingeri were evaluated. These 

plant species are easily cultivable and their algicidal activity make them suitable candidate as biocontrol. 

This study aimed to identify effective algicidal compounds, practically new algicidal agents from essential 

oils of plants that could inhibit the growth of red tide microalgae. Prepared essential oils of Z. multiflora 

showed the highest algicidal activity (LC50 1.35 µg.mL-1). Algicidal activities of essential oils of all 

plants exhibited dose dependency. Results of the assays showed that the growth of Cochlodinium 

polykrikoides was strongly inhibited by using different concentrations of the plants essential oils. 

Keywords: Algicidal, Microalgae, HAB, Satureja, Zataria. 

  
1. Introduction 

Recently there has been a global increase in the 

frequency, magnitude and geographical extent of 

harmful algal blooms (HABs). This increase appears to 

be correlated with the degree of coastal pollution, the 

utilization of coastal water for aquaculture or global 

warming, and caused mass mortality of fishes and 

bivalves. In general, the mass mortality of fish not only 

results in economic loss, but also contributes to 

pollution of coastal waters (Kim et al., 2000; Kim et al., 

2002; Camacho et al., 2007; Sole et al., 2006). HABs 

are natural phenomena causing red discoloration of 

water and are commonly known as “red tides”. 

Although, referred to as “Red tides”, blooms are not 

only red, but can be brown, yellow, green, or milky in 

color (Kim et al., 2002; Kim et al., 2004; Verlecar and 

Desai, 2004). 

Phototrophic dinoflagellates, heterotrophic 

dinoflagellates, phototrophic nanoflagellates, and 

diatoms have been identified as causative organisms 

of red tides. In particular, phototrophic dinoflagellates 

are important red tide organisms in marine ecosystems 

due to their adverse impacts on other organisms. 

Dinoflagellates occur extensively in aquatic 

environments. Only about half of the dinoflagellate 

species are photosynthetic (Camacho et al., 2007; 

Jeong et al., 2008). 

Cochlodinium polykrikoides (Dinophyceae) is one 
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of the most noxious red tide microalgae (Imai and 

Kimura, 2008). The C. polykrikoides blooms have 

been recently observed in several countries, 

including China, Russia, Korea and Japan (Jeong et 

al., 2008). The HAB have been observed more than 

36 times in the Persian Gulf and Oman Sea, during 

the years1991-2002. C. polykrikoides was blooming 

in the Persian Gulf for the first time in September 

2008, started from the Strait of Hormuz and then 

panned out towards the northern parts covering most 

of the areas of the Persian Gulf and lasted 8 months 

(Fatemi et al., 2012). 

Studies on the control of marine harmful algal 

blooms are now more essential to the worldwide 

fisheries and aquaculture than those of marine areas 

(Wang et al., 2007a). Many scientists have performed 

physiological and ecological studies in hope of 

reducing damage to fisheries caused by harmful algae.  
(Kim et al., 2008). Due to the severe effects of HABs 

on fisheries, aquaculture, drinking-water, tourism, and 

human health, a number of methods of bloom control 

have been investigated (Gustafsson et al., 2009). 

Several approaches, such as chemical (copper sulphate, 

ozone), mechanical, biological techniques (e.g. 

bacteria), as well as physical control using clay/algal 

flocculation and the newly developed virus control 

method have been studied (Pan et al., 2006; Gustafsson 

et al., 2009; Laabir et al., 2013; Pan et al., 2006). This 

way is presently not a realistic option, mainly due to 

unsolved problems with its safety and handling. Other 

biological methods, e.g. filter-feeding fish control and 

algal competition are not efficient or safe enough to 

treat scale of HABs. The need of newly environmental 

friendly methods to mitigate and control HABs is thus 

indisputable (Gustafsson et al., 2009). 

Despite studies carried out to control HAB in 

freshwater habitats by using allelochemicals, there 

are limited knowledge about effective control of 

marine harmful algal blooms and their side effects. 

The Essential oils are natural substances, volatile 

and complex with a strong odor of aromatic plants 

which are found as secondary metabolites that have 

been used for different purposes, such as food, drugs 

and perfumery  (Yasa et al., 2004; Yousefzadi et al., 

2007; Yousefzadi et al., 2013).  

There are 14 reported species of Satureja in from 

north to northwest of Iran. 

S. rechingeri was described as a new species from 

Iran and its relationship with S. khuzistanica, S. 

edmondi and S. macrantha has previously been 

studied (Sefidkon et al., 2007). Z. multiflora is also a 

plant which belongs to the family of Labiatae and is 

widely distributed in Iran, Pakistan and Afghanistan. 

The plant is greatly used for medicinal and condiments 

purposes (Talebzadeh et al., 2012). Thus, we tested 

their essential oils for algicidal activity against red tide 

alga, C. polykrikoides. under laboratory conditions. 

2. Materials and Methods 

2.1. Culture of C. polykrikoides 

The dinoflagellate C .polykrikoides was obtained 

from the Persian Gulf and Oman Sea Ecological 

Research Institute (PGOSERI). All stock cultures 

were maintained in f/2 medium (An et al., 2008) 

before being transferred to natural sea water media 

supplemented with the f/2 medium (1000:1).  

They were grown in modified f/2 medium, at 26 ºC, 

90 µmol photons m-2 s-1 with a 12:12 (h) Light: Dark 

cycle in incubators. The initial pH and salinity of the 

culture medium were adjusted to 8.0 and 32%, 

respectively. Prior to the experiment, C. polykrikoides 

was cultured up to the exponential growth (5 d 

following inoculation) to obtain a high biomass. The 

microalgae were cultivated to the exponential growth 

phase for use. The density was monitored every two 

days by measuring cell numbers at a set time in the 

experiment. 
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2.2. Isolation of Essential Oils 

Plants species (S. khuzistanica, S. rechingeri and 

Z. multiflora) were collected from Ilam, Esfahan and 

Hormozgan provinces, respectively. The essential oils 

were isolated by hydrodistillation with 300 g dry plant 

powder for 3 h, using an all-glass Clevenger-type 

apparatus (Qiming et al., 2006; Ramezani et al., 2004). 

The extracted yellow oil was kept at 4°C until testing 

(Haeri et al., 2006). The essential oil obtained by 

hydrodistillation of the aerial parts of S. khuzistanica, S. 

rechingeri and Z. multiflora were subjected to GC-FID 

and GC/MS to identify composition 

2.3. Experimental Conditions and Inhibition Assay 

of Algal Growth with Essential Oils 

The algicidal activity of the three plant essential oils 

were tested at 6 concentrations (0.5, 1, 2, 3, 4 and 5 

µg/ml) against C. polykrikoides growth. Concentration 

of 5µg.mL-1 was chosen for determining the LC50 of 

the treatment. 

The stability of each plant essential oil was 

monitored throughout 12 days at the concentration of 

2µg/ml. The compounds were dissolved in DMSO 

(Dimethyl sulfoxide) and added to the test tube 

containing 1 ml of C. polykrikoides (ca. 1.0×103 cells 

mL-1) and 9 ml of culture medium (NaNO3 75 mg.L-1, 

NaH2PO4.2H2O 5 mg.L-1, Na2SiO3.9H2O 4.36 mg.L-1, 

Na2EDTA 20 mg.L-1, FeCl3.6H2O 3.16 mg.L-1, 

CuSO4.5H2O 0.01 mg.L-1, ZnSO4.7H2O 0.023 mg.L-1, 

CoCl2.6H2O 0.012 mg.L-1, MnCl2.4H2O 0.18 mg.L-1, 

Na2MoO4.2H2O 0.07 mg.L-1, VB 10.1 mg.L-1, 

VB120.5 mg.L-1, and Biotin 0.5 mg.L-1) in triplicate 

(Lu et al., 2011). The culture conditions (salinity, 

temperature, light) during the experiments were the 

same. Based on an initial test, the concentration of 

0.05% was chosen for DMSO because the growth of 

algae was not influenced by this concentration. 

Therefore, the highest concentration of Dimethyl 

sulfoxide (DMSO) used in the experiment equalled the 

volume of essential oil. The density of C. polykrikoides 

was monitored every 2 days counting the number of 

algal cells using a Sedgewick_Rafter chamber (Kim et 

al., 2002). Three subsamples of 500 µl were fixed in a 

1% Formaldehyde solution (Kim et al., 2004) and the 

number of living cells that were morphologically 

intact was counted under an inverted microscope 

(TS100, eclipse. Nikon, Japan) (An et al., 2004). In 

addition, by using the following formula, the 

adversely effects of Dimethyl sulfoxide (DMSO) 

was removed. 

Mortality (Algicidal activity) (%) = [(N0 _ N) / N0 × 

100] (An et al., 2004), where N0 and N were the 

number of cells in control and essential oil added 

cultures, respectively. 

2.4. Statistical Analysis 

The results were analyzed with SPSS 16.0. Mean 

values and their standard deviations were calculated 

from 3 replicates per treatment. Statistical significance 

for the difference of means were analyzed by one-way 

ANOVA with significance set at P<0.01. Duncan’s 

post-hoc tests (α=0.01) were used to group 

homogeneous means. 

3. Results 

3.1. Chemical Composition of Essential Oil 

Qualitative and quantitative analytical results of 

essential oil obtained from aerial parts of S. 

khuzistanica, S. rechingeri and Z. multiflora are 

shown in Table 1. The essential oil yield was 0.42%, 

0.87% and 0.66% (w/w) on a dry weight basis. In 

this study, carvacrol was the main compound for S. 

khuzistanica, S. rechingeri and Z. multiflora.  
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the control of HAB. However, few advances have 

been made to control HAB in practice. In the Republic 

of Korea, yellow clay has been the only means used to 

control and mitigate HABs. Nevertheless, this method 

was limited and not very effective. In addition, it 

remained controversial because of the possibility of 

adverse effects on marine ecosystems. Therefore, 

other countermeasures to control HABs should be 

considered (Kim et al., 2008).  

It is difficult for researchers to study allelopathic 

effects among aquatic organisms under natural 

conditions, because factors such as nutrient and light 

competition, temperature and pH change could totally 

mask an allelopathic effect. However, identifying of 

such natural products are often difficult. (Wang et al., 

2007a). Algicidal bacteria might not be the best tools 

to be used for controlling of large-scale HABs, but 

small contained outbreaks, such as that seen in 

Maryland in 1977 (Kim et al., 2008) could be applied. 

Our results (Fig. 1) demonstrated that different 

concentrations of essential oil S. khuzistanica, S. 

rechingeri and Z. multiflora had different effects on the 

red tide microalgae at 5 µg.mL -1. The algicidal 

activities of essential oils of all the three plant exhibited 

dose dependency and increased with increasing 

concentration of oils. 
The commom factors considered, when selecting 

HAB control methods include effectiveness and speed 

of action. If the inhibitory action begins slowly, then 

the algicide may be diluted by currents (Yi et al., 

2011). Our research showed that selected plants could 

inhibit algal growth quickly. After the treatment of red 

tide alga with essential oil of Z. multiflora, S. 

khuzistanica and S. rechingeri, the mortality rate were 

40%, 60% and 80% after 24 hours, respectively. But, 

as reported by (Yi et al., 2011), the inhibition of algal 

activity by chloroform extract of A. tatarinowii and 

ethyl acetate extract of S. miltiorrhiza, were up to 50% 

after 3 days and rose to 85.4 and 91.3% after 7 days. 

The inhibition of algal activity by 3.4 g. L-1 fresh 

thallus of G. lemnaeiformis on S. trochoidea and A. 

tamarense were 79 and 24% after 216 hours and 

antialgal activity of culture filtrate of same 

macroalgae were 81 and 44% (Wang et al., 2007b). 

Thus, it might be suitable in an emergency to control 

algal blooms (Yi et al., 2011). This study has 

identified three plants which have shown adequate 

quality inhibiting C. polykrikoides. 

In previous studies, growth of red tide organisms 

was inhibited in mixed culture or macroalgal extract, 

an aqueous or organic solvent in the presence of 

another microalga allelopathically (Jeong et al., 

2000; Wang et al., 2007b; Kim et al., 2008; Wu et 

al., 2007; Wang et al., 2007a,b; An et al., 2008), as 

well as reported that fresh tissue or culture water of 

U. pertusa, E. linza, G. limaneiformis, C. pilulifera, 

and S. thunbergii had allelopathic activity against the 

growth of causative bloom species H. akashiwo, P. 

donghaiense, and A. tamarense (An et al., 2008). 

Other characteristics which make a compound 

favorable as an inhibitor include high effectiveness, 

low toxicity, economic feasibility and convenience 

(Zhou et al., 2007). The plant materials used in this 

study are volatile, therefore less stable in the 

environment. Interestingly, strength and weaknesses 

of the compounds lies in this feature. Since water 

currents and waves can reduce the algicidal effects, 

the stability of the inhibitors is important (Zhou et 

al., 2007). On the other hand, stability of the 

algicidal compounds may cause unpredictable effects 

on the environment and its organisms (as some 

current methods do). Therefore, fast reaction and 

high effectiveness of inhibitors play a key role in a 

successful HABs control. The essential oils of three 

plants used in this study showed high effectiveness 

with low measurement in a very short time (less than 

24 hours in laboratory). Due to the nature of essential 

oils and the result of this study, essential oils of 

higher plants could be introduced as a new source of 

algicidal compounds with the least possible harmful 

effects on the marine environment. Compounds used 

in this study are volatile, therefore less stable in the 

environment. This condition is comparable to other 

methods, which compounds are more persistent in 
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water and may cause unpredictable effects.  

Among all the essential oils, there was a positive 

correlation between the concentration of the essential 

oils and percent antialgal activity. The major 

constituents of the essential oil of plants were 

Carvacrol, Thymol, and p-Cymene. In this study, 

Carvacrol was the main compound for S. khuzistanica, 

S. rechingeri and Z. multiflora. Carvacrol is a 

component of several essential oils and has been shown 

to exert antimicrobial activity (Veldhuizen et al., 2006) 

Among phenolic compounds, carvacrol, an 

isoprenyl phenol, was reported to have one of the 

strongest antimicrobial activity (Ben-Arfa et al., 

2006). The possible explanation for the better 

activity of the essential oil could be due to easier 

absorption of the essential oil and lipophilic extracts 

into the cell body of the algae (Yi et al., 2011). The 

potential linkage between nutrient regeneration from 

the onset of HABs should be considered in future 

monitoring programs for HABs (Wang et al., 2007b).  

The conclusion of S. khuzistanica, S. rechingeri 

and Z. multiflora essential oil decreased HAB 

microalgae in vitro. The similarity of algicidal effect in 

S. khuzistanica and S. rechingeri could be attributed to 

the taxonomic relation of these species, and the fact that 

their metabolites are probably the same. The potential 

linkage between nutrient regeneration from the onset of 

red tide blooms should be considered in future 

monitoring programs for harmful algal blooms (Wang 

et al., 2007a). 
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